explore seasonal group characteristics and occurrence patterns of Indo-Pacific humpback dolphins (Sousa chinensis) in Xiamen Bay, China. Dolphins formed larger groups in winter and spring (dry seasons) than in summer and autumn (wet seasons; U = 1,564.00, P < 0.001). Sighting encounter rates were higher during the wet season than during the dry season (U = 181.00, P < 0.001), while individual encounter rates were not significantly different between seasons (F = 0.494, d.f. = 3, P = 0.688). Dolphin sightings and the foraging events were mainly found in inner harbors (Western Harbour and Tongan Bay) during the dry seasons and in peripheral areas (Jiulong River Estuary, Wuyu, and DadengXiaodeng) during the wet seasons. Seasonal occurrence patterns may be associated with the seasonal prey shifts between these different environments.
The Indo-Pacific humpback dolphins (Sousa chinensis) are widely distributed in coastal and inshore waters of the eastern Indian and western Pacific Oceans (Jefferson et al. 1993; Ross et al. 1994; Jefferson and Karczmarski 2001) . This species is typically found in estuarine areas characterized by mayor river outflow and turbid waters (Ross et al. 1994; Jefferson et al. 2009 ). Along the southeastern coast of China, humpback dolphins occur in Xiamen Bay, the Pearl River Delta (including Hong Kong and the western Pearl River Estuary), Leizhou Bay, and along the coasts of Guangxi and western Taiwan (Wang 1965; Wang and Sun 1982; Parsons 1998; Huang and Liu 2000; Jefferson and Hung 2004; Wang et al. 2004; Zhou et al. 2007; Chen et al. 2008; Xu et al. 2012 ). There are also sporadic reports of humpback dolphins around Ningde, Quanzhou Bay, Dongshan Gulf, and Shantou (Chen et al. 2012; Wang et al. 2012; Wu et al. 2014) . In China, the Indo-Pacific humpback dolphin was listed as a Grade I National Key Protected Animal in 1988, and under the Chinese Red List of Endangered and Threatened Wildlife and Plants in 1994.
The Xiamen Bay is located at the estuary of the Jiulong River in southern Fujian Province, China. Based on field surveys conducted in mid-1990s and 2008 , population abundance of Indo-Pacific humpback dolphins in Xiamen Bay has been estimated at 60-76 individuals (Huang and Liu 2000; Chen et al. 2008) . Humpback dolphins seldom occur in this region beyond the Kinmen-Tadan-Wuyu island chain, with feeding, breeding, and calf rearing restricted to within this island chain (Wang 1965; Huang and Liu 2000) . A recent photo-identification study has suggested that humpback dolphins in Xiamen Bay are isolated from populations along the neighboring western Taiwan coast (Wang et al. 2015a ) and around Shantou (unpublished data).
The humpback dolphin population in Xiamen Bay is highly threatened. As an isolated population containing fewer than 100 individuals, it is intrinsically extremely vulnerable to extinction (Lynch 1996; Thompson et al. 2000; Traill et al. 2007) . Furthermore, anthropogenic threats, including busy vessel traffic, coastal construction, shipping lane dredging, and underwater blasting and noise, represent substantial extrinsic pressures on the population (Huang and Liu 2000; Wang et al. 2003; Chen et al. 2011) . In order to protect humpback dolphins in Xiamen Bay, a provincial nature reserve was established in 1997 and upgraded to national nature reserve in 2004. The Tongan Bay and Western Harbour, which contain the highest local concentrations of humpback dolphins, were designed as the 2 core areas of the reserve (Huang and Liu 2000) .
Given its small population size and intensive disturbance from anthropogenic activities, the future of the humpback dolphin population in Xiamen Bay is uncertain. Ecological studies on this population are therefore essential to inform its effective conservation management. Since the 1990s, dedicated surveys of humpback dolphins in Xiamen Bay have been undertaken by different research groups. These studies have mainly focused on estimating population abundance and home range and collecting data on strandings, morphology, anatomy, photo-identification, and social structure (Huang and Liu 2000; Wang et al. 2003; Ran et al. 2007; Chen et al. 2008 Chen et al. , 2011 Wang et al. 2015a Wang et al. , 2015b . However, despite this research attention, only very limited information is still available for this population on seasonal variation in group dynamics and patterns of occurrence, which represent key aspects of population biology that should be considered in the conservation management of threatened populations. In order to address this gap in crucial conservation-relevant data, we present results from 5 years of field surveys on seasonal variation in encounter rate, group size, and patterns of occurrence for humpback dolphins in Xiamen Bay and discuss the potential implications of these data for conservation management strategies aimed at this threatened population.
Materials and Methods
Monthly field surveys were conducted between August 2010 and July 2015 across the entire Xiamen Bay, including all waters around Xiamen and part of the adjacent regions of Zhangzhou and Shishi (Fujian) and Kinmen (Taiwan; Fig. 1 ), representing a total survey area exceeding 750 km 2 . All parts of the study area received approximately equal coverage throughout the study period. Surveys were conducted at a planning speed (10-15 knots) in calm waters (Beaufort scale ≤ 3) and good light conditions, and survey routes were standardized and used throughout the study to preclude any heterogeneous sampling of the habitats. Observations were made on an upper deck positioned about 3.5 m above water level, from a 13-m wooden vessel powered with a 50 hp inboard motor. Surveys followed procedures described in Wang et al. (2015b) . All field surveys were approved by the Management Office of the Xiamen IndoPacific Humpback Dolphin National Natural Reserve.
Once a dolphin or a group of dolphins was encountered, individual(s) were then followed for the further photographing and observation. The term "group" is defined here as a spatial aggregation of dolphins with relatively close spatial cohesion (i.e., each member within 200 m of any other member) that were involved in apparent association and engaged in similar behavioral activities for most of the observation period (modified from Baird and Dill 1996; Connor et al. 1998; Whitehead and Dufault 1999) . Each time either a dolphin group or solitary individual was observed, it was recorded as a "sighting." In order to minimize any potential disturbance from the survey vessel, we typically approached the dolphin(s) from the side at a speed of less than 5 knots, and further slowed down when the vessel was within 100 m. Estimates of group size and composition were repeated several times during each sighting tracking. The original geographical position of each sighting was registered using a handheld GPS (Garmin, Lenexa, Kansas City).
Behavioral observations were conducted by 1 trained observer using both naked eye and 7 × 50 binoculars (Navigator, Bayreuth, Germany). A continuous recording method (cf. Martin and Bateson 1993) was used for surface behavioral observations, with presence of newborn calves, foraging behaviors, and GPS locations also recorded for all observations. Dolphins were identified as newborn calves or neonates if they were dark gray in color and had apparent fetal folds . Foraging was defined as dolphins moving in various directions without an obvious pattern, diving frequently and steeply downwards (often preceded by fluking up or peduncle arching) with extended submersion times, and often with rapid accelerations and erratic movement at the surface indicative of chasing fish (adapted from Parra 2006); this was sometimes confirmed as foraging during fieldwork when dolphins exhibiting these behaviors were seen directly to be pursuing fish (e.g., fish jumping at surface) or with fish in their mouths. Only foraging activities that lasted > 10 min were recorded as foraging events and included in subsequent data analysis.
In order to explore seasonal group characteristics and occurrence patterns of humpback dolphins in Xiamen Bay, field observations were categorized as occurring in either spring (March-May), summer (June-August), autumn (SeptemberNovember), or winter (December-February) according to the local climate characteristics and alternately in either wet season (summer and autumn) or dry season (spring and winter). Sighting encounter rate was calculated as the number of sightings per 100 km survey route, and individual encounter rate as the number of individuals per 100 km survey route. GPS locations were plotted on a digitized chart to determine seasonal occurrence patterns. Polygons defining both the 50% kernel habitat range (50% KHR) and minimum convex polygon (MCP) for the distribution of humpback dolphins in Xiamen Bay for each season were generated from sighting position records using the animal movement analyst extension (Hooge and Eichenlaub 1997) in ArcView GIS 3.3 (ESRI Inc., Redlands, California) and using a smoothing factor calculated using a cross-validation procedure for the least squares (Seaman et al. 1999; Parra 2006) . Any landmass within the kernel range was subtracted from the final range estimate. Statistical analyses were carried out using SPSS 13.0 software, and data were represented as means ± standard deviation. Statistical significance was set at P < 0.05.
results
A total of 60 field surveys were conducted in Xiamen Bay between August 2010 and July 2015, with 1 survey conducted per month and each survey lasting 4-6 days. A total of 157 sightings of humpback dolphins were recorded. Humpback dolphins were observed year-round in Xiamen Bay, but with significant seasonal variation in sighting encounter rate (1-way analysis of variance [ANOVA], F = 7.61, d.f. = 3, P < 0.001; Table 1 ). Of the 157 recorded sightings, 50 (31.85%) occurred in summer, 46 (29.30%) in autumn, 28 (17.83%) in winter, and 33 (21.02%) in spring. Sighting frequencies were significantly higher in summer and autumn (wet season) than in winter and spring (dry season; 2-tailed Mann-Whitney U-Test, U = 181.00, P < 0.001). However, individual encounter rates were not significantly different between the 4 seasons (1-way ANOVA, F = 0.494, d.f. = 3, P = 0.688; Table 1 ). Group sizes had a mean of 5.47 ± 3.11 (N = 157) individuals throughout the study period, with a range of 1-16 individuals. Average group sizes also varied significantly between the 4 seasons (1-way ANOVA, F = 12.85, d.f. = 3, P < 0.001; Table 1 ), and larger groups were observed during the dry season than in the wet season (2-tailed Mann-Whitney U-Test, U = 1,564.00, P < 0.001).
Dolphin sightings were recorded across of the entire study area but were not evenly distributed. In winter and spring, humpback dolphins mostly occurred in inner harbors such as Western Harbour and Tongan Bay, whereas in summer and autumn they were mainly encountered in peripheral areas such as the Jiulong River Estuary, Wuyu, and Dadeng-Xiaodeng regions ( Figs. 1 and 2 ). The 50% KHRs and MCPs for each of the 4 seasons are shown in Fig. 2 (Figs. 2C and 2D ).
In total, 97 foraging events were recorded during field behavioral observations, with 31 (31.96%) occurring in summer, 26 (26.80%) in autumn, 18 (18.56%) in winter, and 22 (22.68%) in spring (Fig. 3) . Foraging events occurred across the entire study area, but showed obvious seasonal patterns. Dolphins preferred to feed in the Jiulong River Estuary (13, 22.81%), Wuyu (8, 14.04%), and Dadeng-Xiaodeng regions (24, 42.11%) in summer and autumn, and in Western Harbour (22, 55.00%) and Tongan Bay (13, 32.50%) in winter and spring (Fig. 3) . Throughout the study period, 11 newborn calves were sighted; all of them were recorded between March and August, except for 1 neonate recorded in November. Dolphin groups containing newborn calves were mostly found in the Jiulong River Estuary (4, 36.36%) and the Dadeng-Xiaodeng region (5, 45.45%; Fig. 4 ).
discussion
Although sighting encounter rates for humpback dolphins in Xiamen Bay were significantly different across different seasons (F = 7.61, d.f. = 3, P < 0.001), being highest in summer and lowest in winter (Table 1) , individual encounter rates were not significantly different between seasons (F = 0.494, d.f. = 3, P = 0.688; Table 1 ), indicating that dolphin abundance in the study area might be stable year-round. Average group size in this study was 5.44 ± 3.18 individuals, which was smaller than that previously reported for Indo-Pacific humpback dolphins in Zhanjiang, China (7.50 ± 5.45- Xu et al. 2012) , Hong Kong (6.49 ± 1.77-Dungan et al. 2012), and Algoa Bay, South Africa (7.00 ± 2.52-Karczmarski 1999). The small group sizes observed in Xiamen Bay might be due to the small size of this population compared to these other local populations, although average group sizes also varied significantly between seasons (F = 12.85, d.f. = 3, P < 0.001; Table 1 ), being larger in winter and spring (dry season) than in summer and autumn (wet season). This seasonal group size variation was consistent with seasonal variation in encounter rate, as although individual encounter rate was stable year-round, sighting encounter rate was lower when dolphins formed larger groups during the dry season and higher when they dispersed into smaller groups during the wet season. Predation, prey distribution, and intraspecific competition for resources are considered to be key factors influencing group size and structure (Connor et al. 2000) . Living in groups is often considered to be the result of a trade-off between predation risk and the costs of feeding competition, with predation risk defining the lower limit of group size and within-group food competition defining the upper limit (van Schaik 1999). In group-living mammals with relatively low levels of predation risk, variable group sizes and high degrees of fission-fusion represent a strategy for coping more efficiently with spatially and temporally variable food sources (Wrangham et al. 1993; Chapman et al. 1995; Janson and Goldsmith 1995) . For examples, spotted hyaenas (Crocuta crocuta), spider monkeys (Ateles geoffroyi), and chimpanzees (Pan troglodytes) adjust their grouping patterns in response to feeding competition, forming larger groups when prey is abundant and breaking into smaller subgroups when prey is limited (Chapman et al. 1995; Smith et al. 2008) . Humpback dolphins have elsewhere often been observed to form larger schools while foraging behind trawlers than when foraging independently of trawlers (Jefferson 2000; Parra et al. 2011) . We therefore hypothesize that the observed seasonal variation in group sizes of humpback dolphins in Xiamen Bay may reflect a behavioral adaptation to seasonal variation in their prey resources, with animals spreading out in smaller groups during the wet season when resources are scattered to reduce intraspecific competition for food and aggregating in the dry season when resources are relatively concentrated. Further investigation into the prey resources of humpback dolphins in Xiamen Bay is thus urgently needed to answer this question.
Overall, humpback dolphins occurred throughout the entire study area, but with definite seasonal differences in their distribution, being mainly encountered in inner harbors (Western Harbour and Tongan Bay) during the dry season and mainly in peripheral waters (Jiulong River Estuary, Wuyu, and Dadeng-Xiaodeng) during the wet season. Seasonal variability in occurrence and distribution has been reported for several delphinid species and is thought to be a response to seasonal habitat fluctuations and movements of prey (Condy et al. 1978; Reilly 1990; Heithaus and Dill 2002) , and/or to physiographic and hydrographic features that may indirectly affect prey availability or reflect prey specializations by individual species (Gowans and Whitehead 1995; Smith and Whitehead 1999; Bräger et al. 2003) . In Xiamen Bay, the distribution of fish stocks is strongly influenced by seasonal variation in environmental parameters such as water temperature, depth, and salinity; some fish species (e.g., Collichthys lucidus, Coilia mystus, and Johnius belangerii) that are known prey for humpback dolphins spawn near to shore in spring and shift southward and eastward to deep waters as a result of higher water temperature and increased freshwater input from the Jiulong River in summer (Huang et al. 2010) . As a result, seasonal movements of humpback dolphins between the inner harbors and peripheral waters may correspond to these seasonal shifts in their prey, being indirectly affected by the seasonal variation in water temperature, salinity, and freshwater input. This hypothesis is supported by the field behavioral observation that foraging events mainly occurred in Western Harbour and Tongan Bay during the dry season and shifted to the Jiulong River estuary, Wuyu, and Dadeng-Xiaodeng regions during the wet season (Fig. 3) . Although humpback dolphins can give birth throughout the year (Jefferson and Hung 2004) , our field observations show that 10 out of the 11 (94.1%) newborn calves detected during this study were sighted between March and August, suggesting that this period might be the potential birth peak for humpback dolphins in Xiamen Bay. This is consistent with Huang and Liu's (2000) report that stranded newborn calves were mainly found in Xiamen Bay from April to September, but differs from Xu et al.'s (2012) study that humpback dolphins in Zhanjiang mostly give birth between August and October. Furthermore, nearly all groups containing newborn calves were encountered in the Jiulong River Estuary and Dadeng-Xiaodeng region. To the best of our knowledge, there are no previous reports of humpback dolphins having constant breeding grounds. Although we cannot confirm that these 2 regions are used as potential breeding grounds due to limited sample size of observation in our study, this finding at least suggests these 2 regions are important for calving and therefore should receive highest priority for conservation management. However, a new airport development project is planned for the southeast side of Dadeng Island, and intensive anthropogenic activities during the construction period of the new airport will undoubtedly cause severe disturbance to humpback dolphins in this area. We strongly suggest that construction activities should avoid the potential humpback dolphin calving season, that law enforcement departments should strengthen supervision and monitoring during the airport construction, and that any potential impacts from the new airport project to humpback dolphins and their habitats should be monitored and evaluated before, during, and after construction.
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